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PURPOSE:To make it possible to form a crystallized silicon film by using a catalytic element for 
accelerating crystallization. 

CONSTfTUTION:An ultra-thin oxide film 13 is formed on an amorphous silicon film 12 on a glass 
substrate 11 . A solution 14 of acetic acid with an added catalytic element like nickel of 10 to 200ppm 
in adjusted quantity is dropped thereon. The substrate 1 1 is held in this state for a given time and 
subjected to spin drying using a spinner 1 5. Then, a heat treatment step at 550 deg.C is carried out for 
1 hour to form a crystal nucleus on the surface of the amorphous silicon film 12. In addition, a laser 
beam is cast to the side face of the crystal nucleus to accelerate crystal growth when a crystalline 
silicon film is formed. 
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FBm.^mmzm¥Bih^W}m-^mm5zm^mxrhJim 

ii^^RB^U tuiBifg0^^A^e>i^^fi£:l-^Uii)^x^ 
xfgi:, 

§ J: b tulBMi^Tn^ijs^^tA^n 

x^ii:. 

¥Bm.mMm:^m^zf^mt^mm-hmm.7m^mxt^ 

Xli^, 

[ it ^Jl 6 ] ^ Af^ Jl 3 Jiig^ii 4 ^ ti H^ii 5 \z 

iii^TC^iitT. Ni. Pd. Pt, Cu. Ag. A 
u. In. Sn. Pb. As. S b*^6^{^tlfc-li^ 



mmTtm^x^x. vm^. iiibs^. ivbi^. vb^^^^^p 

[ilAf^^ 8 ] 3 ^ tii|^]l 4 ^ ^ctiit^^ 5 

atoms c m'S-^ 1 x 1 0 l^atonis c m'^T -5 C i: 

W -tr-^ ^ tz ti^^ $r .^f^Tf S ^ i: C i D tufBt?3(s^^ 
i^a^h LT^rBfi£:g^fT?^^ax^ii:. 

t-^^^^MS^J: Om^^^^^i^c^^^^ffJfiJct-Sxa 

— tf ^ ti?^ ^ .^1^1- S ^ i: ct t) mi IB^J^ ^ 
i^^^ bTj^Sj5£:^^fT'5:ax^i:, 
$r ;t 1- ^ 4^^^aft^:^^o 

^,^M-r S ^ ^ C J; D OTB^^^I^*^ ^) j^^J5£^$:fTfcr 
xgh. 

^ # t- s ^mmkm^^my^mo 

t^i^B^jEg^Q'^fFJjgg-r 5 XIM , 
tulBM^b^^l^-if-^^f^ii^^^Mt^U ttrlBi^rB 
J5g^^&^^J5£:^^-y-. iulB^N^^^^l^SiJg^fb^-y-^ 
x^ii:. 

[if 1 3 ] 4mmmm<o~i5(Dmzmm.'Kmt:^ 

A1-^x^i^, 

mm^WBmmmz\y'-^-it^rz\tM%^mMLs m 
iB^^ct ^mFB^^^mjioT.mk,s 

4mmkm^^i^^^n.mz\.''^'--^^fz\tmiti^mM 



Wo 

imMmi 9] f^mit^^^r^mm^m^^A.rzmm 

to 0 0 1] 

m^-^Tz^mimm^xu^oimyjmzmT^o 

[0 0 0 2] 

im^omj] ^m:^mit^m\^^tzmm:h^>i^:^^ 
mTTFT^i3fc-rs) mu^tiri^^^. cot ft 

mzmm^tix\^^^i^. mzmn^^mnwizr^y^.^ 
zr-^ h v^xm>mMm.n^^w<D^mmo:>mfhnfz 
^h\z\m^wm^\zm^m.-^n^ 

[0 0 0 3] TFT{c*iJffi^nsiiM4^2gi*;i:bTti. 



i^A^e 0 0 °Ci^±(DTaST- 1 0^P^t:i±cr)^P^^^tt 

^'7'S®^g^^^^^g^'Ml^?)n^=J-^>^7 0 5 9 
^#itbfc:©^. 6 0 0°cu±cDin^i£ffacii:{ix|| 

i}^r-^^^tirz:&^X'h^f^. i^^^^ffMufc^^t^e) 
ztiiz-Di^^xit^^^^mizmm^n^t^^ihti 

So 

[0 0 0 5] C^ni(^)#mD ±15©;^^ 
I^^MS^®J^^{b{c{tBit-SP^J^^&g¥^-r § 

^^ib$:{l^1-S;??is JSi.Xfly-V'—i^FBitlz^ 

^ti*D^rs:ii:T\ 5 5 0'c. 4mmmm(DmM^r^ 
X'^mit^ntat^zt^mm.bxi^'^^o 
[0 0 0 6] ±m(Dx^tjimmti:7tm {^^mt^&j^T 

Sc 

[0 0 0 7] ±iBOD J;-5^^^i>sifi3iti*: 

[0 0 0 8] fi^t>^ ±B^o:>-^y^ji^m(o^^Bit^wi^-r 

mt^^^o) (i> 4^^Bm^m^f^mit^it^mizit<zs^X' 
^^t^. ^^FBitLtzim^iz{mt}^t.nti.i\^oizt 
^ztifim^L\.-^. zcD^m^mm^^izii. M^Ttm 

t Lx^^m^mm^X'^m^um\^t^m^'b(D^M^t 
mmz. ^FB<tiZiZ^m'umm^m(Dm:-^mti'prj:<:i,^ 

^is.m(Dmx'^^B<t^rftiid'2^Mffihho '^Lx'^cDtz 
tbizit, ±$'mm7x:m<^mm^mmizmmLxmx'r 

[0 0 0 9] Sfe. :=-^y^)l^mm7tm}iLtz^^iZ^ 
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fee 

(1) y^x^^izx^x-^y^jv^^mm^mm± 

So 

CO 0 1 0] ±mmmt^^. y^X'^^iz^-:>xmx 

nsc zoztt^^o. ^^y^ji't^mifimLx\^^^}^ 
^bT^ '^mum^::^^y^Mi.mmvLm^mz^Wii.x 

\^^^:itifi'Z^^x^^z:tifii^m^ti^o r^^*^ 
[0011] 

mmmmm^-^wx. m^^mornxm^mmizmm 
-r^ztifimmx^^ti^dmmt^^^o 
[0 0 1 2] ^fe. mmTTimom-x&itmtKi^-^i^^zt 

[0 0 13] mz. u-^-m^BitcDmoyi^^o^t^'D 

^^izmmt^^^a^mmRv^m^^ib^mm^X'^ s 
zt(D2}^ifi^rz^mmx^^t<DmmizMi}-Drzo 
mmiz-o^.-^xmizmmizmm-r^t. w-if-^®^ 
^^it~mmzi^'^:;^^^^i^-:,x^^. z(D^mz^ 

^hi^i^-^mm^m^t^mFB<tMmi>z^\^^x. 

ts^mi^t^^^m^ tmntz t z^xm^&^iz^^BitifiBz 
^ztt^^m^ti^o sts ^(Dm^Bm^M%m<mm 

[0 0 14] z(DmM^]B\MT^rzibiz{t. mm^^i}^ 
B.mizmj^i:iya)^izTt^^^^t. fi^m^t^^^t 

^^^ly-'^-mmtcDmc^isbmm^nrzfi^m^^^x 



^^t^<mm(Dm^\;k-r^zi&yir^tin^m\^^tzm'^ 
nt Lxit^<<DmFBi^mt:^<Dmmt i^xmf^z 

tt^X'^^ifi, 'e(D^X'b!^iZJ^}^^:3r^>^^;\^^m.°Jt& 

taunt 1.x. i^FBi^mmcom^humFam.. ^-sv>ii^^ 

[0 0 15] ^i^xmrn^timxr^mmx-h^ifi. 4¥ 
mn^mm(D±mzi^-iz^X'r^(Dxittj:<^ m^iz 
M Lx±m(D^m^ ^^^itymt(D^mj5.^izmx 
R'ou-'V-^(Dmmy3m^mm^ifimx^titz^mm 
i^^mi-r^ztizx*)^t^^0B:\.^m^i^mmmifi 
'^ihti^ztmmttzo ^mz^m^^mxTzt 
^i^ ^Fs^mi^mmy^mz'^mz'Rimx'^^ztizx^ 

Fa^^Mi.x^o^m^mzm^'r^^^^. ^^ti^itm 
m:^[oix<Dum^m<D^mmizmmt^z tifi%^^ti 
^is^. . zniz'z>\^xit^±izit.mmitmmx'^x\^^ti: 

[0 0 16] 

t-r^o ^^>irgfc. m^^^^%m\^'^tz'^(Dtmm<D 
t^^B^^m^m^Tz^o^m^yjm^mmr^z t 

[0 0 17] 

^Bs^i-^jzmt. mmmn^mmiz^B^^mxi- 
sxfii:, mzi^^B^iPbf^^B^^-^i^isbmm^mmm 

[0 0 18] ^m^ikmmzm^Bm^mxT^izit. - 

^^X:^^JU^-^m^r^Zt^ZX-:^X'rit)tl^. 

[0 0 19] ^LxzcDi^^s^t^^m^B^^^noiz 
(is zom^BmrnM^ntzmmiy^^u-v-^^^^ 

[0 0 2 0] ^^Bm. 0FBnmmm^zmi.xm¥FBn 

mmi^^TzimtmrnTtm^'^tiit^^un^^. m 
m^Panmrnmizmm^UTtmrnt^rzimtmrnTum 
^'^it^ifimLrz^miz:^\^^Xs iD^::^mmz^m 
^^K.rj:\.^m^(Di&uxi}umm^mu m$^im^m 
mm^-^^^B<t^-^. j^a^^m-r-scii^^-cD 
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[0 0 2 1] m¥B\t'k^m.-r^mm.7m<Dmxi5'^t u 
Tii. ^UTtm^-^tsmm^iY^BrnMrnmrnmizm^r 
-5 c: i: tcfc s ijmt^^m T 5 o 

[0 0 2 2] !HFC:$;^B^t;:i3^.^T(i. 

So 

[0 0 2 3] mmftmt^mx^n^coit. ^mnrnmm 
(D±mr^':?xi>Tmx-iSb-z>x^x\^o ^m'^mmmo 

±t;^^^fntiJ:v^t. 4mnmmm<DTmizmm7xim 

m i.xmm^f^^^^T^^mt'rnit^^'^o 
[0 0 2 4] :^mn^mmi.rz^mimmc^\^^x. ^ 
m<t^tiTz^m^mi^m^m\^^x. pn. pi. ni^ 

^>i^7.^ (TFT) s ^-try-y-^^ffll^^S 
ZtifiX'^^o 

[0 0 2 5] ^mmmm^um-r^iitizx^xi^i-r 

(a) mm^iz^^f^mmfLmm^it. ^it>m^'izBm 

(b) ^^gi:#rBM^^]^^DOTi:i>5^^bT^.^ni^. 

(c) ^Na^aMli^Jm©^®fcis«1-SMi^5n^As±t;j^ 

(d) i^ig>^D-tr;<^,i;vgi:t:^l>T% ig^'t4©^$f5^ 

[0 0 2 6] imnimm±i>z^^^sit^m^i-^7tm^ 
^m^-^tz^m^^^t^yjmti^xit. mmtLx^ 

^tit. <t^tbx^t.^^t^^om^t. mz^m. 

^'^^zt\z^r)^^ii^t\.^^mMt(Dm:^^^tSo 

[0 0 2 7] mm7Lm^^t^mmti.xit. m^mmx 
^m^^^ztt^X'^^o 

[0 0 2 8] M^^^LT-';/^;^$:^C^s Z<D=-^y^j[, 
tl.xmX^tl^o Z(D=-^y^Mt^ti.X{t. fta 



^-^;//r;K ^<b-':;^;w ^{b-'^'^r;^ 

So 

[0 0 2 9] ^fzmm5z%^^timwk>L\.x. wm^^ 

[0 0 3 0] c:cr)J^>^ti-'^>r;Mi-<;//r;u{b-^i:L 
T^X^^lSo C<0-*y>rMb^^LTiittaSt3C 

^;L' 6 ^i^ n ;t 0 ^ffi t ^ S d h ^ ^ 
[0 0 3 1] ^fcMi^7t;l^^^:t^-y-fc^?^tc^®fStS 

[0 0 3 2] i4^5cl^i:l>T-'>^;i'WSffiV^'5J^'^ 
[0 0 3 3] ):^XlMf<-tz(D\X. mmTrMX^^^v >T 

f^%±\zmm\.fzm%.'^m\^^mx^^i^. 
'^;^cD{b^tp e> ^ ^^nf^^^mkMz's^-xz^^ 

Tti. :^«J^.fbx||^^^±CDOCD(0hka Diffusion 
Source) ^rfflV^SC ^ COO C DSr^^ffil,> 

^ii-fs "mmzmcs^mm^^mx^^. ^^tz-^imi^ 

»TS h g.fiT-fe ScdTn imm\z%mr^^z >l 

i^X^^o 

[0 0 3 4] ta^zth^cDztu. mmnimtLx=.y 

[0 0 3 5] ^^mit^mmT^Mm9LmtLx-y^Ju 
^m^\ z<D-^y^j]y^^:^-^-^^mmmmtLX7m 
^n^m^mu^mi^^tzm^iz^^^x. i^^B^mmmzz 
ti^hmm^m^m^r^t. mmi)^m^tixi.^dzt 
*sfeSo z(Dm^it. 1 0 0 Aj^Tom^^^bn^^r 
^cD±izmmTGm^'^^i^ii:rzmm^m^'r^ 
ztx\ ^-izmm^m^T^ztt^x^^. ^tz. ^ 
mmmmu^un^mm^izmnT^ijmzx^mri 

[0 0 3 6] ^tz. ^fSi:bT2-ai^;b^^it>^- 

^y^)i^0VJi^:^>mmo:)m^mm^m!^^m\^^^z t 
x\ ^^PBmmmmmizmmm^t^ztifix^^o z 
(D^^izitui^x hm^comiz^m^nx\.^^mmm(D 
m^^n^'f^abm^-r^ztit^^X'^^o bifivm^ 
mifif^m^^m^\zitmiz4m^mm^-^(Dmm7tm<D 
mu^mmvxi.^0 tzis^iz ^i^t^i£:^mx' s « 
[0 0 3 7] mmz^^-^:6mm7tm<DSiit. "^(Drnrn 
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i:bT^fSH^bT2 0 0 ppm- 1 ppm. $f^L< 
{SSOppm-lppm imm^W) tt^:ihifim^ 

[0 0 3 8] M^7zm^miiuLtz4mmmm^tumi 
^tixi^^^. ^^B^^m-x\^tiium^iz±-mmmt^'irf 

mr^ztcxr), ^mitLxf^m^tu^mmom^ 
z,>i\z^mm-^^x^^}i\^oiim^^m^^o 

[0 0 3 9] ^feU-+f-^©,^tift^ft^3t3tI. ^^1^ 

^;^t::i±i!RiK^nti< <. ^mwrnzmu^MT^^o 
X. i3^::^mwzm^^ntz^mn^-^mm}\ztm 
r^zti^x^mmx^^o zcD^s^^^m^^^^ii^ 

(iv ^e-;/ K • (RTA) ^fet±5 

tr.y . ^O^.;;^ (RTF) hm-S^nho 

[0 0 4 0] :^^B^c:fei>Tii. mm,5imh\.x=^v ^ 

ffl V > tzm-^izm. ^ nmtii^mi ^n^z}it^x^^ 
ifi. 'eommx^^MmTtmcDmmti.xit. t^^b 

<{iNi. Ft. Cu. Ag. Au. In. S n. P 
d. P, As. Sh^prnt^Ztii^X^^o ^tz. VI 

imTtm. iiib. ivbs yh^mt'^Mittirz-m^rzit 

[ 0 0 4 1 ] ^fc. ^i^Tc^^^A^Sfis ymm'^T 

<s Mm7tm^^A.iz^n^iL<m\^^hzttn'^^o 
m^it. mm7tm^'^A.rz^jM<t^'pmit^^m\^^i> 

ZLifiX^^a 

[0 0 4 2] 



^mznm^zx ^^m^t^-^s ^^bizu-v-t^omm 

^^^^^B^^^i;b^mxdr>^o 

[0 0 4 3] mi^m\^^x. mm^m izzx^tr-^:^^ 
;^^^v^s) ^^x-r^tz^^x^mm-r^o :^mM 

m^^^^o 1 0 Ommx 1 0 Ommh-r 

So 

[0 0 4 4] ^r. im^mmm^r^x-^cvD^-p 

0 0-1 5 0 0 AffM-rSo CCT-ti^ IT-^XVCVD 
^i^ctoT^N^^ii^flll 2^1 0 0 0 AcDJ?^{::j5£j^ 
1-^0 mi (A) ) 

[0 0 4 5] ^UT. 7§tL;5U^g^^<b]^:£IR5[J^<fc 
isblz y >y ^M^^TV^. ^©^^{bM 1 3 l 0 ~ 5 0 

Aizsmr^o ^tiifim^x^^m^izit. m<mi 3 
©ftb *) ^z^mmim^^(D^^m^^tiit^\.^o 
[0 0 4 6] ^cc:fe\ cc^^'fbM 1 3 {tmno:)rzisbmmt^ 
mmit^mxh=btK zoA^mx^^t^^^n^, 
zzxitmmnm^^xcDvv^ommizx^mitmi 
s^m^T^c ^m^mt. mm^m^^^z^^-^xw 

^5^mmmT^ztlz^':^r'nrj:-:>tzo z<Dm^tmi 
3(Dm^:^^tvxit. mmim^mi^^o:)X'^j:\.^^ 
^ rzMmt:^miz x ^mmiz x^^oxi^xi^-^o 

[0 0 4 7] Z^m^mi Si^, ^^<D-^:^^;\^:&^A.tz 

mm^mm^m^r^jzmx. ^^^Bn^mmcomm^i^ 

mXT^ZtifiX^tl:\,^o i^-^ci^B^fb^froC 
ti^X^m^o 

[0 0 4 8] o^t;, mmi^^m^lZi^^y^jl't:miJUL 

So ^[.xz<Dmmmmm^^mummmi2±(Dmit 
mi sommizzmi^TL. z(D^m^5^m%^T 

So -eLT;^t^:^-$:fflC>T;^e> b-^^' (2 0 0 0 r 
pm. 6 0^0 SfT-5o (mi (C) . (D) ) 
[0 0 4 9] P^^rt4'tc^5ttS-'j/>^;ucDiag(i, 1 
p pmU±if?g t < 1 0 ppmlll±XhtH^mmizrji 
So ^fe. ^r^i:LT2-ai^;i/'s:^it>^^';/'ir;i/C^) 

3it^mxh^. mm4^^Bnimm±izMm^m^mx 

Thzti)^X'^^o 

[0 Q 5 0] zcD-^i^'^jmWio:>m^:L^^, iM^m 

1 2(Dmmiz^A'-m^A<D^^^cDmm^^-t^^v^ 
^^^^-^tsm^B^r^ztt^x^^o z(Dm^. z<Dm 
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[0 0 5 1 ] ±tm^mmi^(Dm. i ^f^^cd^^^?:^ 

X'^^tK Wi^-x^tiipmm'fitmimmmx'^^o 
[0 0 5 2] ^LXs Aof^^ptd^ji^T. mmmmm,^^:! 

(A) iztt^To m2 (A) dti. ±r^7.^^i i±izm 
^^titz^^^B^mmmi 2ommiz::.^y^jvcDmxizt 
'Dxm^-^tirzmFBm2 im^m.^nx\.^^^mt^7r^:^ 

[0 0 5 3] ±$^<Dl}nmimit 4 5 OSa±CDi^T-ff 

ibittii^r. ^m^^t^i^ri-^o 5 5osa± 
ft^t^tLxm\^^^iS'p7.mmmm±<Dn^mifi 

[0 0 5 4] ^mmmiz^\^^xit. 4mn^mm±izm 

m^^m^mx't^yj^^^mLx^xi.^o ccD^^^ti. 
$mm^mmcD^mmizmm7nm^^^Ltzmm^m\^^ 
X. -rm^izMmK,m^mx~rtii:^x\^o 
[0 0 5 5] mmmiz^iz ^ t) -^m^B^^mir^ 
mmmi 2^mrzib. KrFx.^i^-^u-ir {^^2 4^ 

Snm. ;t;i/;5;|i3 0 ns e c) &^^^H^4^C*5V> 
T2 0 0-3 5 0mJ/cm2 ©ylV-^jgT-^i/H h 
,^I^U ^^^1 2^^±izi^Mititl.lst>^o HO^J:^ 

m2 (A) , (B) (i. i^-if-t^2 otmm^n^z 
^izx-^x. 2 i-e^^n^j^ai^*^e. 2 2T-5f^^n^ 

mt{m2 (A) ®^EPT•^^^n^cJ:o^;i^^2 

"^^C^i: UTJ5!t:^L-ro < o Z(DmFB<\:i)^m^t^zhlz 
Ji-DX. 2 3X7r^^n^^orji^m^Bmm^m^:ztifi 

x^^o mz (A) ^I^^-rm^^tc^^£;-r^^l^liM© 
if®^K^ii6t;^^-ro meiz^t. is^7.^^±i,zj[m 
^tirz4mn^mm(DmMizzL^yJzAa:)^xizx-Dxm 

TV^S. ^5^;^^^,^TC®^^5E:^bfc^^rBfi^^ii||V^ 

i^*sJf^^ig$nrl^s:^)S. m5lZ7J<rwM^z^\^'^xitiS'p 
:7.mRt^mx^u^^o 

[0 0 5 6] zmmm 2 d ^nife^^-jii^ ^sfefi^y 1 t3*;i> 



X. mm7LMx^^=^y^jvi^(DmM^i oppmtv 
tz^<Dx^^o ^iDm©^wii^Tii5Sfi?"j 1 iinmx^ 
mmmk<Dnm'kWMmmm\.tz^^. z(Dmzm 
^^y\-ftztm\-x. mmm 1 (owmx t) *>^^^m^^cd 
U9ri^^<. ^tzm¥B^imt'bt^^m¥Bm(DWi.^^WL 

o:>m\zmmj^^^Tr^:zk.\zx.y)^ -rixDm^Bno 
mmmicDm^tit^Lxx^ <-t^zti>^ 
^mx':it>^zbmmi.rzo 
[0 0 5 7] cmmm 3 d ^mmmit. ^^mco^im^ 
mmLxnmLTz^^^Bi^mmm^m^^x. TFT$f#s 

7.m(r>mFBWrMn<o Y^^n-m^^mmm^^zw^^ 
^zti^x^^o u^. TFTcDj^t^mmmti^xit. m 
^Bmm^m.o:>^x\^u<, -mi^zmtin^nmrnm^^ 
lzmmx^tzti^\.^'?^X'^tii\,^^ 

[0 0 5 8] ^mm.mit. 4^mmikmm<7)mmmizmm 
m^mxL. Lt^^mz^o^^^ifimx^^ntzmij'^ 

tzTFT(7:)i^m:^miz^'rho ^^mm^bcD^uMiz^n 
it. zcDX'^ti.m^^^mLtzm^izit. mm^mmm 
(DmM<Dnn^u-if-^m^xmm<t^^rjiom^hi 
it$SdbT. ^^mzfhi^ <X'^^zti}^mmLx^^^o z 

<<> ^cDm0^tLx^m<DMriifim^^^^no:>m^ 
tmmmmx^^ztiz^mr^t^^ibn^. z(d 

i^xmmx^^o 

[0 0 5 9] m3iz:^mmm<Dimjzmo:)nm^^^iro 
^'ris^xmwzTm(Dmitmmm (n^-t^T) ^2 

0 0 0A®J^^{;j5m-rSo 

[0 0 6 0] ^ UT. ^^FBrnmrnM^mmm 1 i:fHia?s: 
7?iST-5 0 0 Acorns iz^mr^c ^vx. ^fm<tm 
^^^m<rz&)(Dy ^i/m^<Dm. m^m<m^2 0A 
mm(Dm ^ ^zmm^m^xov v^o.^it ^ xsm 

[0 0 6 1] ^LT 1 0 ppmOD-^;/>^;i/$^:tbfcP 

^^^?^^£^^b, 5^p^^^ts 7.v:±-^m^-^X7. 

^^j^2 oi:2 5 5o^s i^f^omm 

iz^-dx. mmm^-^m^Bit^^^o ^^D-siig^ib 

Lf^^^:6s'#cDu-+f-iig^{bx^t;i5(:^-5iga^^ b 

[0 0 6 2] ^bTKrF:rdri.-x'b-1f-:>t^^®{l!l 
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x^2o 0-^30 omjrmmt^z^iizjif). ^^b^ 

[0 0 6 3] mz^ igBl{bb:^cB^^^^/^^-->^U 

1 5 0 0 A. ^cT-ii 1 0 0 0 AcDmimm i o 5 
^■rso co^fbii^j^tsy-f ^i^)^mhbTt>^tfe-r 
So ms (A) ) 

[0 0 6 4] ±iS^{b?i^J^ 1 0 5 (DimiZit^Mifi^J^^ 
izmRU^l 50-600 "C^ iff^b<ti 300-45 

Qvr\ RFr^^x-TCVD^x^rn'mmLTzo te 

OSh^^(Dff:tiJi:iil : 1-1 : 3. ^fc. atfti 
0. 05 — 0. 5torr, R Fyir?— ii 1 0 0 — 2 5 

^^iagf^3 5 0-6 0 O'C. $f^b<(i4 0 0-5 5 
0"Ci:UTff^fiEbfco fiJcj8l[^> ^?^^U<t±2rV>®^ 

0 0-6 0 0'CT*3 0 — 6 O^T-— ;UU:feo 
[0 0 6 5] C£D^^T*KrFi=^-i/V-^-+f- (?S 
4 8 nm^ ;V1/X|g2 0 n s e c) ^^iMi^flh 
Pl^^C^^^.^Mt-SCltT-. iyU=3>^^l 0 4CDi^ 

mt^&j-B^^^X'^x^.^ mz. ^^^yt^m^^tcRTA 

t mitmmm tcDnwz^i^-f^^mm&.^wp^'^ 
<Di^mz^ux{-t^mxh^o 

[0 0 6 6] ^(Z)^> i?^ 2 0 0 OA- 1 >am£DT;^^ 

;t^-->^b. >i;'^' hmSIl 0 6^ffM-r^o 7)^^ 
-^h.\Z{t.7st5>VOl^ iSc) 15-0. 2S 

g%K-t^>^/bT^3v^T^)ctv^o mzm^^v^= 
b. :l<dt)vx^^a<d^>( Ywm^^m 

2 2 0 V^Tmff^±tf. ^(^^^T- mP^i^^^bTifJl 

Sii2-5 V/^;5)SiI^T'fe§o :iCD«to^IbTx JP^ 
1 5 0 0-3 5 0 0 A. 2 0 0 0A©^il^{b 

'mi OB^m^-r^o ([113 (B) ) 
[0 0 6 7] ^(D'4t. -r^>K-t^>^?fe (^T-^XvK 

^ife (^^^) $:7±Abfco bTii:7:r;^ 
> (PH3 ) ^^V^^o h'-XS{±. 1-4x10 
15cm-2i:*r-5o 



[0 0 6 8] ^6Cs ^3 (C) ^C^^-rcto^CK^F:3l 
if— (iS:S2 4 8nm. >'VUX*i2 0ns 
ec) ^,^l^bT. ±i2^^i^^^<^^A{rJ:^Ti^^ 
fi0Dmbfc^^tO^gm^aS^#^i^^o U— tf-O::^ 
^;b:^r-S^jS{i 1 5 0-4 0 0mJ/cm2 , b < 
(i2 0 0-2 5 OmJ/cm2 T^-So Co bT. 

(^) iri^ios. 1 0 9$:ffjsJct- So c:ne>cD 

^^ODi^- hffitrLii2 0 0-8 0 0 fi/DT-^ofeo 
[0 0 6 9] CCDXgtC^>(.>T> U-tf-Jt^MV^Sft 
^^?5tl. 7^>:/'>i^>X^^fflbT^BtP^Cl 0 0 0 

-1 2 0 0-0 (i-uuv^-^'-tDt^) ^■e±#$ 
-7;!/ • ;u) (RTF. -7 1: h ■ -y-— . yu 

[0 0 7 0] ^£D'^. ^^tlUP^i^^i^ 1 1 0 i: bT. 

TE0S^iH*E4i:bTs :itii:^^i:c5X^XvcvD 
^s t>b<ti^\/>i:©?)^fiECVDi£^SV>iimB£CV 
D^t;J;oT^{bS^J^^J?^ 3 0 OOA^m-h. ^ 
^?^a;2 5 0-4 5 O'C. fi^ij^ti. 3 5 0'Ci:-rSo 

M&^Jt::W®t-So (0 3 (D) ) 
[0 0 7 1] ^bT. ^P^^fe^l 1 0^:31 ^>^>^b 
T> ^1 (E) ^::^^-rJ;oCTFT^DV-x/Klx>r > 

>cDiE)^i 1 2. 1 1 z^mm-^o 

[0 0 7 2]ti£5fe. X^Xv^ra^fflV^T-^3/^;^^^ 

Abfci^^tSii^Mti. ^^bS^J^lcib^bTM-:/:?^ 

y ^mizn-Thmw^t^m^o^x. im^^^^v^s- 

[0 0 7 3] bA^b. ifmMm(DX.o\ZlQvVT[iCO^ 
?aST'7k^ft$:ffiV^T-^v>:r;b^agAbfcJ^^{;ti. IT 

[0 0 7 4] g^C. i^m^XZ 0 0-4 0 O'CTO. 
l-2B#P^7'--;UbT. i^UnVCDTK^^^T-r 

So df^ct^ubT^ TFTA^^jsE-rso -^bT. mm 

i::f^^ b^;^iS[©T F T h ij <>X:t^i;iH^iJ-y- bAi)T 
T^'T^-f Xvh ij^;^^M^^^^gi:bT^J5E1-So 
C:©TFT{i. V-^^/KU-O^^l 0 8/1 0 9i: 
?-V^;i/ffJfiSctM^l 1 4^%bTt^So ^:tll5A5N 

[0 0 7 5] 2^^^?>J©«££^ijgffibrci^^. m^m^ 
\Z^^r^--J^}]y<D^\t. 3 X 1 0l8cin-3^g^fe 
Sl^ti^nUTCO. 1 X 1 Ol6atoms cm-S—S x 1 0 

[0 0 7 6] :^ll5S«?yT-f^S^^tlfcTFTii. ^i&Jgfi)^ 
N^1':^;UT-2 0 0 cm2 /V s)i).±,(0^<Dtm<bnX 
V^Sc ^tVth*>'J^^<Mif?^^it^t4^^bTl^SCIi:*^ 
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T'l 5 0 cm2 /V s^>l±cDi>co^nmlzm^:ltifiX' 
[0 0 7 7] cmmm^:^ :^mm.mi^s ^mn^mmo 
x^^^^^Fenmrnm^mBit^^-^^y^m^mmu tf 

F:r::^'>-x'V-1f-^fflV>-5©T. ^iibTiiKrF 
Jid^iz-^lz-if- (^S«3 5 Snm) SS^if 
^;=^^t^5ffil^5o ^:tU-if-i:UTXeF^:^ri>v 
If- (?^:^3 5 3 nm) ^^n\ik±(D}^^^^-t^ 

u-ir-^m^^tiu. is^T^ms. (=3--></7 0 5 

9) ^ffiv^sc:fc*sT-^5o 

[0 0 7 9] ^T@^^fb]^$:Sl?3R^<fc4607^y^jE!l 

0 Ammoym ^ i^mm^m^r 0 u v^<Dm^iz j: o r 

[0 0 8 0] -eUT 1 Oppincr)-^^>r;i.^-^#b;tff^ 

[0 0 8 1 ] ^*:Cs 5 5 0^s mP^cDinl^ti^toTs 

[0 0 8 2] ^LTKrFrEi^S/-Tl/-1f-^^S^{^ 
2 0 0-3 0 OmJT-es|tri,Ci:C^t), 

0 o°ceif{C5!5^i^^>rcioT;fjDi^-rSo 

[0 0 8 3] C-5 bTjfg^'ti^^T'&Jil^M^^^tej, 

^^^-Tho ^mmmx-'i^^titzTFTit. mmmsx 



[0 0 8 4] imLM) if.)m.m\±. mmm 4 i.z^.-rm 

'^tnm<D^m.t^^htitz<D^x^'otio i^^mmiy^ 
tf^hi^-^-it^wMx.x^^^t^^^m^i^nuuz 

[0 0 8 5] cmmm 5 d ^mmmit., mmjim^m^f'^ 
tzm^Bm(Dmxjimiz^\^x. ^^m^o:>^m.^i]umzx 
sa)Tti?5:<. ^^(Dmmzx^x'i^'^mx^^o 2^11 
mmzii\>^xit. mm0^}3iz7r^r^oiz. ^-r^mn^ 
mm^m^L. {.t^^co^izmm^m^mxhm^Bm^ 
^^^"^^y^mc-o^.^xmn't^o 

[0 0 8 6] ^Tmmm3tmmiz:^^:^mm±iz^^^s 
nmmm^m^i-^o ^eLxmrn^mimmm^^ 

=-y^jv^mm.^nx 2 5 p pm^^ufep^^ 
m^mmm 1 iz^^LtzJimtmrniz i^xm^-r^o 

[0 0 8 7] 2 unKD^.^t^^tmn 

mmmo:>mmmiy^ibf^Mi-^:itizj:'DX. $mumm 
mmm^zm^B^^^^^'^^o ^^^m(D^mtLx\^^^ 

mizh^^oizm^T^o M:i^mzit. t^^jzi^^ztLj^ 
^mcD^m^zy-i-h'^^y^^'^^o :^mMmxi±. m- 

-^TigjgiiS 0-2 0 O'C/^K ^^It^m^ 
mX2Q^l 0 0'Ci:-rSo CCD?55^^^,^Mli. 

^Mimizi}mi-^ztizi5:^(DX\ iS'^T.^^om 
m^m^i^miznx. hz^ifix^^o 
[0 0 8 8] zojimizxr^x. ^^^B^^mmcommiz 
mm^t:^^^^%>zti)^x^^o '^(Dumitmrnms 
tmmx^^o mtz. mmm^iz^.vrzXoiz, ^mm 
^mmf^m^^tm-t^mmizmmTbm^mxu i.i}^i> 
mz^.^t^^4^mnmmmm. h^^^^tmmmmt'^ 
mmr^ztizx-DX. ^^ra^Ji^jmro^^iiigTs® 

mliZm^^^^^^t^zt'^x^^o 
[0 0 8 9] C^^J 6 D 121 4 iz:^mmm<Dim:r.m<D 

mmm^Tf^to ^r. (:3-->^7 059) 50 

i±{c;^/vy^ i; y^mizx-:>xm^ 2000 A(Dmit 

ii^©T%j^5 0 2 ^w^mth. mmt.. T^&McDgjcM 

0. 1-1. 0'C/:^T-^tf^iaeaT 
-^>y7 0 5 9»^T-ti. 6 2 0-6 6 O'CT- 1-4 
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^P^T--;uut'#. 0. 0 3-1. O'c/^. iff^u 

<ii. 0. 1-0. 3''C/'$^X'W^U 4 0 0-500 

[0 0 9 0] dlVl. r^XvCVDijtt- j:o-C^ 1?^ 5 

0 0-1 5 0 OA. mK.m 0 0 0 A©^^^ (I^) (D 

E) ^ 5 5o°c. immT--')i^i.Xs imnmmmo^ 

1 00 0/ZIn^®:;<g^^3/1^-->^UT^ S^ODS 
^Bi (TFT^rSfS/i) 5 0 3^Srff$^f (^4 

(A) ) 

[0 0 9 1] ^©'^^ 7 0-9 0%CD7K^.^^^trm 

jBE. 5 0 0-7 5 o'Cs f^^6^{cii6 0 o'comm^m 
^^7m/mm=^i. 5-1. 9<Ditmx/utii?:^=z. 
^y^&j^Bm^m^^^xBs^'t^o t^t^^m^m^^iz^i^^ 

it^^s 500-1500 A. m^it 1 0 0 0 A® 
m<mm^mi:^ t^Zit^ v ^ J: ^ /cc S c: i: r- s « i-^c 

mmjimm-mimm^miy^'i^^mztx'$> 

£DT% 1 0 0 0 Acorns cDmmm^miti^x. i o 
0 oA<D^{fc3i^m$:fffe^^tr{i. m-Dtimmm(Dm 

^ii5 0 0 Ai:i>^*ii:tC7^:&o 

[0 0 9 2] -jfisc^^b^^^ i^-i hmmm) 
©i^^B^b^i^©MiP^^5;^tM^^iri^^^^b^-y:^-rv^o ^ 

[0 0 9 3] l^^fblcJ;^T^{bii^M5 0 4>^ffJs£L 
fc£Dt>. St£^-^{b-^^^H^ (1^. 1 0 0 
%) . 6 0 O'C-^ 2^P^7'--;i/t-So (^4 (B) ) 
^l^i^V^T^ ^ZCVDmiZX-DX. m$ 3 0 0 0-8 
0 0 0 As fi?ll^{^6 0 0 0 ACD^j^a^ii^ (0. 0 1- 

0. 2%com^^t) ^^m-r^o -^lt. ^mm^^^ 

^-:^>^LX. y-i' bm@5 0 5$rffM1-So ^6 
-t^>^^ (TT^Xx-h'-t^V^^^il^Md) tCct^ 

s) cN^ii^$:{^^t-s^$Eei^ {z:LXim) ^m\} 

^^\\ M^E>&6 0-9 OkV, €?ij^{i8 OkVt 



-rSo K-Xmtil X 1 015^8 X 1 ol5cm-2, 
ii. 5 X 1 0l5cm-2i:-rSo ClCDi^^. NMO^i^i^ 
^J^5 0 6 5 0 7i)SJFJJ5e^nSo 
[0 0 9 4] ^CO^. b-if-^CD.^Iirt^.t^TT'-- 
b-1f-:)^i:LTiis K r FJl:i^i^-7^-+f- 
(^S:^248nIn. yVU:^*i2 0ns e c) ^&ffiV^fc 
ffeiDU— tf-T*^^T*)J:Uo U-1f-^0.^l^^ 
mi, rQ^;i/:^f=-S^^ti^2 0 0-4 0 0mJ/cm2 , 
^J^i^2 5 0mJ/cm2 i: -iPP/ft:io^ 2 - 1 0 
'>3>yh. 0ij;^t^2^'3^^ fM^1-So Cl©l/-1f-^ 
co.^M^t::St^^2 0 0-4 5 O-CS^tiM-rs^i: 
l;<t^T. ^m<£:±i;<i^Li*T*)<tV>o (1214 (C) ) 
[0 0 9 5] ^fz. CCDX^ti, j£?5^^^ll<J;S^>>^ 
7--;^CJ;S:^^T-^;<tv^o i^M^mtn^^mk^^ 
^ ^^^Bit u;t^^^{±M^n^f < . 1 0 0 0 -cj^ 

«g[CM^tlS:f>s> Rj^-^e^S^^^ (?S:^0. 5-4 

t ^ r ti^ii tS: ;^ ^ "C S i: V > X. S o 
[0 0 9 6] m^X. i?^ 6 0 0 0A£^^{b^^i^5 0 

8 ^mmmum k.v.xrr^x^cvxymzi.-D x^mr 

^t^s »b5^^>i:r;i'^-'i7AcDf'lJ^{3j;oTTF 

T©m^-iSli5 0 9. 5 1 0&ff$fi£1-So ©^tC. 1 
^CD7K^#ffl^T*3 5 0"C. 3 0^5^©r--;Ui£:tT 
V\ TFT^^^-rSo (^4 (D) ) 

[0 0 9 7] ±i3c?^■r;^^■r•^#^nfcTFT©j^i^IJf 

iil 1 0-1 5 0 cin2 /Vs. SfttiO. 2-0. 5 

V/tfTT'^-:?feo £ts WmtJilsmz^'DXV-y./ Y 
u^yizt^t^m^ h--t::>^UfeP^-^^;i/MTFT^ 
<^i^tfchClS> ^i^JJSti9 0-1 2 0 cm2 /Vs. 
SmitO. 4-0. 6V/^T-^!3s i2r^P©PVD^"?> 

cvDst^ct^T^^ hmBm^B^LTzm-^izit^L 
X. ^Wim±2wm±m<. sfii(i2 o%i^i±t^'j>u 
to ^tz. imm^cDmiy^'o'h. ^mm.mxi'^m'^ntzT 

FTiil 0 0 OXCDl^i^m^it^Z^-^Xim^tltzTT 
T ti (:)- ^ i: e> I > ^iif^j:)^^ b t o 
[0 0 9 8] C^0'J7D Ii7t3il. l^(DiS^xm^ 

±t;7^>r:^ru"^>^e>^ cpu. ^^u-tT*?^iibfc 

mit^titzm^jz'^i^xy'A im^By'^y.yu-) 
fig-rsfipjti^rso 

[0 0 9 9] :lzx\ Xti-^^-hhit. ^^i^bXti^ 
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m^zit. 'e(Df^<Dmm<Dmmiz^riiz^t:)-^xniEi. 
m^-^tt^^xoiz~r^^(DX'^6o mmizii. wl^bI 

3. ^^;^i^^7 2. TFT7 li^si^g^nTV^:6o 
[0 10 0] CPUi:;^^ 'J-(i^imO=]>l:^a.-^CD 

[0101] 

mm MmTbm^^xLxi^FB'^mmmomMmizi^ 
-ir-^^tzii^^!^^mm-r^ztizj:^x. f^m^B, 



[1^2] 




1 n 1 1 1 1 1 




2 S 



[El 2] |l5I^J0DX@^&^^rc 

m 3 ] iu£^j(Df^i^xfi$r^ro 

[IS 5 ] mmm<D<mjim^n<To 

m 6 ] m^aitLtzmmw^ommwrn^^^'to 

1 1 • • • • i^y'T.^ifR 

1 2 • . • . ^mnmmm 

1 3 • • • • m<mmm 

1 5 • • • • Xt^:h" 

1 1 • • " • 

1 0 4 • • • 

1 0 5 • • • ^{bS^^ 

10 6- • • hmSs 

1 0 9 • • • ^{btl^ 

1 0 8 • • . v-;^/Ku-r 
1 0 9 ■ • • h*p-r>/v-;^^^ 
110..- ^Ki^fe^ mimmm-) 
1 1 2 ' * - mm 

1 1 3 ■ • -TO! 



[^3] 



109 




iit 113 
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(B) 



(C) 



(D) 



1 2 



1 S 



18 /— 1 2 



1 1 




1 I 



503 




k't-^ BOB- ^"^'^ 




510 



1 E 
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(5i)int.ci.6 mm^ ffp^mm^^ fi 
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